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IntroductionAn increase in life expectancy has led to the rapid growth in older population globally, resulting in an increase in age-associated diseases and disability. This place increasing pressure on societies as well as the healthcare systems. To add to this issue, increasingly 
sedentary lifestyles and the accessibility to cheap, highly calorific foods, has also led to an obesity epidemic globally. The increased prevalence of obesity in the older adult population is now considered a major public health problem. However, obesity in older adults are 
often underestimated due to the uncertainty of benefits over the risk of weight reduction programmed in older adults. Generally, it is widely accepted that obesity is often associated with multiple health conditions including type 2 diabetes mellitus, hypertension, sleep apnoea, hypercholesteremia, cancer [1,2] as well as several age-associated diseases such as osteoarthritis, dementia and cognitive impairment [3]. Additionally, some studies suggest that obesity may have an impact on falls in older adults, however, this 
relationship is not adequately established. At least one in five older adults aged 65 years and above fall each year and falls has been 
identified as the second leading cause of unintentional deaths among older adults [4,5]. Although falls are considered multifactorial, previous studies have proposed that older adults with obesity, primarily measured with the Body Mass Index (BMI), have a higher rate of falling compared to older adults without obesity [6,7]. Others have, conversely, suggested that being obese is a protective factor against 
falls [8]. Given the conflicting evidence on the relationship between obesity and falls, this clinical review aims to present published evidences for the contemporary literature (over past 10 years) 
definition of obesity, prevalence of obesity and falls and association between obesity and falls risk focusing on older adults. We also propose areas for future research. 
 
MethodWe performed a literature search using the two electronic databases, PubMed and Google Scholar, to search for articles published from 2008 to the present, containing the terms (“obese” OR “obesity” OR “adiposity”) AND (“falls” OR “accidental fall”) AND (“aged” OR “aging” OR “older people”) within their titles, abstracts or keywords.  
Definition and Epidemiology of Obesity
Obesity is defined as abnormal or excessive fat accumulation in the body that is detrimental to the health [9]. Published evidence has suggested various indices to quantify obesity such as waist circumference, body fat percentage, waist hip ratio and skinfold thickness. The universally accepted measure by which obesity often 
defined, however, remains the BMI. According to World Health 
Organization (WHO), a person with a BMI ≥ 30kg/m2 is classified 
as obese [9]. There is currently no specific definition of obesity in older adults, despite the recent published evidence suggesting the potential inappropriateness of using BMI as a measure to determine the presence of obesity in older adults due to age-associated body composition changes. The published prevalence of obesity in 
older adults using BMI definitions that have been reported in the previous literature varies widely between geographical regions. For example, a recent published study in India among 981 adults aged 
60 years and above found that 4.6% of the population fulfilled the BMI criteria for obesity [2] while Hajek et al found that 40.0% of the German population aged 75 years old and above exceeded the BMI cut-off for obesity [10]. Discrepancies in the prevalence of obesity is likely to be attributed to diet and lifestyle factors. It was, hence, suggested that the Asian population consumed a lower fat diet, were physically 
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more active and had higher determination in controlling their weight compared to the Western population based to explain the apparent discrepancy in levels of obesity among older adults between the two regions [11]. Obesity in older adults, however, 
is now considered a heterogenous condition with the definition of sarcopenic obesity as a new pathological condition. Sarcopenia 
obesity is defined as the presence of both sarcopenia and obesity in which an older person experiences excess accumulation of adipose tissue with an associated decline in both muscle mass and physical performance [12]. With obesity or sarcopenia both independently linked to poorer quality of life, morbidity and mortality, both sarcopenia and obesity act synergistically leading to a greater negative effect on overall health and survival [12,13].
Epidemiology of FallsWhile an increasing absolute number of older adults is observed to fall each year, fall rates do appear to vary with the geographical location. A cross sectional study from India reported that 28.8% of the population had fallen at least once whereas in Thailand and Brazil the prevalence of fall was found to be 26.1% and 28.1% respectively [14-16]. The prevalence of falls from published reports from Western Europe and North America have been higher at 20.0-42.0% [17-21]. Additionally, a recent study in Malaysia suggested that falls prevalence differ by age group where the prevalence for the overall population aged 55 years and above was 22.8%, 65 years and above was 24.5% and 75 years and above was 32.2% [5]. The prevalence of falls also differs according to the population studied. For example, falls prevalence among community-dwelling older adults aged 60 years and above was 21.2% [5] while a study conducted among institutionalized older adults aged 60 years and above revealed a prevalence of 32.8% [22]. A separate study conducted among older adults in a tertiary centre found a lower prevalence of 18.8% [23]. Longer term studies or prospective studies, however, have clearly demonstrated increased risk of falls among older adults living in institutions with prevalence of falls of 36.0% [24] compared to those living in the community with prevalence of falls of 19.1% [25]. While studies now raise doubts about the increased prevalence of falls in institutions, Karine, et al. proposed that institutionalized older adults have poorer mental health which increases their social isolation as well as their functional capability leading to a higher likelihood of falling compared to community-dwelling older adults [26]. Falls are usually multifactorial with increasing age, sex, histo-ry of fall, number of medications, gait and balance disturbances and environmental hazards considered common risk factors [27,28]. Additionally, older adults with cardiovascular diseases, musculo-skeletal system diseases, nervous system diseases and respiratory system diseases are more likely to fall compared to healthy older in-dividuals [29,30]. Consequences associated with falls among older 
adults can be potentially serious, with reduction in confidence lev-els, increased dependency, longer stays in hospitals, fractures and pre-mature deaths affecting a sizeable proportion of those who fall [30]. These complications do not impact on the older adult along but also affects families and society in the terms of healthcare ex-penditure, caregiver burden and emotional stress. [31].
Obesity and Falls RiskDespite falls being common and obesity now increasing in prevalence among older adults, few studies have been conducted to date to examine the relationship between the two. Three cross-sectional studies have suggested a positive association between with falls and older adults [6,32,33]. Results of the above studies 
indicate that older adults with BMI ≥ 30kg/m2 have a 10-78% increase in odds of falling. It was suggested that older adults with a higher BMI have poorer postural balance leading to an increased sway compared to older adults with normal BMI [34]. Additionally, obesity may also favour falls with the presence of some mediators such as consumption of sedation for sleep and anti-depressants that leads to dizziness and increased sleepiness [35]. In contrast, Sheehan et al found that in older adults the presence of obesity was protective against falls [36]. They suggested that obese older adults 
with BMI ≥ 30kg/m2 were less likely to experience a fall due to their tentative gait pattern with a slower walking speed and increased support base. This assumption, however, does not seem to apply 
to older adults with BMI ≥ 35kg/m2 who have impaired dynamic stability. It may be that older adults with a slightly higher BMI may 
benefit from the protective effect against falls and only those with extremely high BMI are at a higher risk of falls. This indeed, may suggest that the presence of an apparent obesity paradox regarding 
falls among older adults. Researchers in other fields have reported an “obesity paradox” such as lower mortality rates in obese patients compared to non-obese patients with cardiovascular diseases. This obesity paradox was replicated in numerous non-communicable conditions such as diabetes, chronic obstructive pulmonary diseases, kidney diseases and stroke. However, recent literature on obesity suggests that BMI may not be an appropriate measurement to determine the presence of obesity especially among the older adults due to the presence of age-related changes such as loss of height due to vertebral compression and body composition changes [37,38]. The use of the 
BMI amplifies the effect of age-related loss of height as the actual 
value for height is first squared before the index is calculated [39], therefore leading to over-estimation of the BMI in older adults with loss of height. Ageing is also associated with increased body fat and a reduction in lean body mass which consists of both 
muscle bulk and bone density. Fat weighs significantly less than its equivalent volume in muscle or bone. Hence an older individual with osteoporosis and sarcopenia but excess body fat, may have a lower BMI known as the normal weight obesity compared to the older adult with good bone density and large muscle bulk, but an acceptable amount of body fat [40].
Obesity and Fall ConsequencesThere is now emerging evidence on the role obesity in falls-related injuries, hospitalizations and fractures. A study examining the effect of obesity on the falls-related injuries and disabilities following a fall have found that older adults with class 1 (BMI 30.0- 
34.9kg/m2) and class 2 (BMI 35.0- 39.9kg/m2) obesity were more likely to develop disability following a fall compared to older adults of normal BMI [41]. Additionally, Fjeldstad, et al. have also proposed 
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that older adults with obesity have a lower quality of life which may be explained by the excessive weight limits their mobility as well as the presence of multiple medical comorbidities which often co-exist with obesity [42]. As for fracture risk, traditionally, obesity was believed to be protective against fracture due to the excessive body fat that acts as a cushion [43]. However, evidence from recently published literature suggest that the association 
between obesity and fracture may be site-specific in which obesity may be protective against fractures in certain sites such as the hip and may be a risk factor against fractures in some sites such as the wrist and ankle [44]. In a large population based prospective study, the authors found that older women with increased body fat have a lower risk of fracture compared to men which may further indicate 
that fracture risk is sex-specific [45].
Conclusion
Obesity and falls’ relationship specifically among older adults remain a grey area which requires further exploration. 
Current research is limited by the lack of a suitable definition or measurement for obesity in older adults. Further, there remains no concrete evidence for weight management strategies to reduce risk of falls among older adults. Given the global epidemic of obesity, preventing falls occurrences in older adults with obesity will further 
translate into a substantial socioeconomic benefit in a global scale. Additionally, with the new emerging type of obesity known as the sarcopenic obesity which is growing in the increasingly older population, further insight into and a better understanding of the role of obesity in falls risk in older adults is has now become an urgent imperative. Future research directions
a) More appropriate definitions and methods of 
quantification of obesity in older adults are required b) The relations between obesity with falls and falls consequences should be further determined in prospective studies with longer term follow-upc) A better understanding of body compositions with increasing age and its relationship with obesity in older adults, may help address the obesity paradoxd) Intervention studies evaluating the safety of weight reduction strategies among older adults in terms of falls outcomes are required to determine any causal relationship between obesity and falls in older persons.
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